A detailed description of the process steps in the fabrication of the micromachined horn antennas is given in Refs.
6 and 7, here we give a short outline. The junction fabrication is performed using a selective niobium anodization process (SNAP). 7'8 The Nb/AI203/Nb trilayer is deposited by dc-magnetron sputtering on a double-side polished 0.38 mmthick and (100)-oriented silicon wafer, which was covered on both sides with a I-#m thick low-stress Si3N 4 layer. 7 The trilayers are patterned by plasma etch of the Nb layers with CF4 and a wet etch of the AI layer. The junctions are defined by an anodization process and then a Nb counter electrode is deposited and patterned to connect the junctions. Bonding pads are defined by E-beam evaporation of a 400-nm thick Ti/Au layer followed by a lilt-off process.
The patterned trilayer serves as an alignment mark for an infrared alignment, in which the antenna apertures have to be delined on the opposite side of the wafer. Alter patterning, show that the sensitivity of the micromachined SIS-mixers is comparable to the best waveguide and quasi-optical mixers.
The bandwidth of our current mixer is limited by the tuning
• range of the backing plane. In future designs we will use on-chip integrated tuning elements to tune out the junction capacitance, which will likely increase the bandwidth to 15%, which is the bandwidth of the dipole antenna in the micromachined hom.
In summary we have shown the operation of a low noise micromachined SIS mixer for the W-band frequency range.
The feasibility of micromachined SIS-mixers is demonstrated: the complete micromachined mixer is robust and can be thermally cycled in a cryogenic vacuum environment and the tunnel junctions can be sufficiently cooled. The use of a micromachined backing plane is an effective way of optimizing the rf coupling to the superconducting tunnel junctions• 
